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Executive Summary

I.  INTRODUCTION

7KH� &OHDQHU� 7HFKQRORJLHV� 6XEVWLWXWHV� $VVHVVPHQW� �&76$��� /LWKRJUDSKLF� %ODQNHW
:DVKHV�LV�D�WHFKQLFDO�UHSRUW�WKDW�SUHVHQWV�WKH�SHUIRUPDQFH��FRVW�DQG�ULVN�LQIRUPDWLRQ�GHYHORSHG
E\�WKH�(3$�'HVLJQ�IRU�WKH�(QYLURQPHQW��'I(��/LWKRJUDSK\�3URMHFW�RQ����EODQNHW�ZDVKHV�VROXWLRQV
����VXEVWLWXWH�ZDVKHV�DQG�D�EDVHOLQH�ZDVK�� WKDW�DUH�XVHG�WR�UHPRYH� LQN�DQG�GHEULV� IURP�WKH
SULQWLQJ�SUHVV�UROOHUV���7KH�DVVHVVPHQW�IRFXVHV�RQ�VPDOO�SULQW�VKRSV�WKDW�XVH�VKHHWIHG��QRQ�KHDW
VHW� OLWKRJUDSKLF� SUHVVHV� OHVV� WKDQ���� LQFKHV�ZLGH� DQG� WKDW� FOHDQ� WKHLU� SUHVVHV�PDQXDOO\�� � ,W
LQFOXGHV�DOO�WKH�WHFKQLFDO�LQIRUPDWLRQ�JDWKHUHG�GXULQJ�WKH�3URMHFW��LQFOXGLQJ�WKH�PHWKRGRORJLHV
XVHG�WR�GHYHORS�WKH�SHUIRUPDQFH��FRVW��DQG�HQYLURQPHQWDO�LQIRUPDWLRQ�

7KH�JRDO�RI�WKH�'I(�/LWKRJUDSK\�3URMHFW�LV�WR�ZRUN�ZLWK�WKH�SULQWLQJ�LQGXVWU\�WR�GHYHORS�D
FRPSDUDWLYH�DVVHVVPHQW�RI�EODQNHW�ZDVKHV�XVHG�E\�OLWKRJUDSKHUV���7KH�DVVHVVPHQW�LV�LQWHQGHG�WR
SURYLGH�OLWKRJUDSKHUV�ZLWK�LQIRUPDWLRQ�WKDW�FDQ�DVVLVW�WKHP�LQ�PDNLQJ�GHFLVLRQV�WKDW�LQFRUSRUDWH
HQYLURQPHQWDO�FRQFHUQV�DORQJ�ZLWK�FRVW�DQG�SHUIRUPDQFH�LQIRUPDWLRQ�ZKHQ�SXUFKDVLQJ�EODQNHW
ZDVKHV���$OWKRXJK�WKH�/LWKRJUDSK\�3URMHFW�ZDV�GHVLJQHG�WR�DVVLVW�VPDOO�SULQWHUV�ZKR�PD\�KDYH
OLPLWHG� WLPH� RU� UHVRXUFHV� WR� FRPSDUH� EODQNHW�ZDVKHV�� WKH� SULPDU\� DXGLHQFH� IRU� WKH�&76$� LV
HQYLURQPHQWDO�KHDOWK�DQG�VDIHW\�SHUVRQQHO��FKHPLFDO�DQG�HTXLSPHQW�PDQXIDFWXUHUV�DQG�VXSSOLHUV
LQ� WKH� OLWKRJUDSKLF� SULQWLQJ� LQGXVWU\�� DQG� RWKHU� WHFKQLFDOO\� LQIRUPHG� GHFLVLRQ� PDNHUV�� � 7KH
LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�&76$�ZLOO�IRUP�WKH�EDVLV�RI�D�YDULHW\�RI�XVHU�IULHQGO\�LQIRUPDWLRQ
SURGXFWV�GHVLJQHG�VSHFLILFDOO\�IRU�VPDOO�EXVLQHVV�SULQWHUV�ZKR�DUH�LQWHUHVWHG�LQ�FKRRVLQJ�D�QHZ
EODQNHW�ZDVK���7KHVH�SURGXFWV�ZLOO�LQFOXGH�FDVH�VWXGLHV��EXOOHWLQV��DQG�EURFKXUHV�

7KH�LQIRUPDWLRQ�LQ�WKH�&76$�ZDV�GHYHORSHG�IURP�D�YDULHW\�RI�VRXUFHV���'DWD�RQ�SHUIRUPDQFH
DQG� FRVW� ZHUH� GHULYHG� IURP� UHDO� ZRUOG� SHUIRUPDQFH� GHPRQVWUDWLRQV� FRQGXFWHG� ERWK� LQ� WKH
ODERUDWRU\�DQG� LQ�DFWXDO�SULQWLQJ� IDFLOLWLHV�� � 7KH� ODERUDWRU\� WHVWV�SURYLGHG� LQIRUPDWLRQ�RQ� WKH
FKHPLFDO� FKDUDFWHULVWLFV� RI� WKH� EODQNHW� ZDVKHV� VXFK� DV� EODQNHW� VZHOO� DQG� ZLSDELOLW\�
'HPRQVWUDWLRQV�DW�SULQW�VKRSV�SURYLGHG�ILHOG�GDWD�IRU�WKH�SHUIRUPDQFH�DQG�FRVW�DVVHVVPHQWV�
([SRVXUH��KD]DUG��DQG�ULVN�DVVHVVPHQWV�IRU�WKH�FKHPLFDO�FRPSRQHQWV�RI�WKH�EODQNHW�ZDVKHV�ZHUH
PDGH� E\� WKH� (3$� EDVHG� RQ� DYDLODEOH� GDWD� DQG�PRGHOLQJ�ZKHUH� GDWD�ZHUH� QRW� DYDLODEOH�� � $OO
DVVXPSWLRQV�XVHG�LQ�GHYHORSLQJ�WKH�LQIRUPDWLRQ�LQ�WKH�&76$��VXFK�DV�QXPEHU�RI�EODQNHWV�SHU
SUHVV��VL]H�RI�HDFK�EODQNHW��RU�DPRXQW�RI�ZDVK�XVHG��ZHUH�UHYLHZHG�E\�UHSUHVHQWDWLYHV�RI� WKH
SULQWLQJ�LQGXVWU\�

II.  DESIGN FOR THE ENVIRONMENT LITHOGRAPHY PROJECT

7KH�'I(�/LWKRJUDSK\�3URMHFW�LV�D�MRLQW�HIIRUW�RI�WKH�2IILFH�RI�3ROOXWLRQ�3UHYHQWLRQ�DQG�7R[LFV
�2337��DQG�7KH�8QLYHUVLW\�RI�7HQQHVVHH�&HQWHU�IRU�&OHDQ�3URGXFWV�DQG�&OHDQ�7HFKQRORJLHV��LQ�D
YROXQWDU\� DQG� FRRSHUDWLYH� SDUWQHUVKLS� ZLWK� WKH� 3ULQWLQJ� ,QGXVWULHV� RI� $PHULFD� �3,$��� WKH
(QYLURQPHQWDO� &RQVHUYDWLRQ�%RDUG� RI� WKH�*UDSKLF� &RPPXQLFDWLRQV� ,QGXVWU\� �(&%��� DQG� WKH
*UDSKLF�$UWV�7HFKQLFDO�)RXQGDWLRQ��*$7)����7KH�'I(�3URJUDP�EHJDQ�ZRUNLQJ�ZLWK�WKH�SULQWLQJ
LQGXVWU\�LQ�������ZKHQ�WKH�3,$�UHTXHVWHG�(3$
V�DVVLVWDQFH�LQ�HYDOXDWLQJ�HQYLURQPHQWDO�FODLPV�IRU
SURGXFWV�

7KH�'I(�/LWKRJUDSK\�3URMHFW�SDUWQHUV�FKRVH�WR�FRPSDUH�WKH�HQYLURQPHQWDO�DQG�KXPDQ
KHDOWK�ULVNV�RI�PDQXDO�EODQNHW�ZDVKLQJ�EHFDXVH�WUDGLWLRQDOO\�WKHVH�SURGXFWV�DUH�SHWUROHXP�EDVHG
VROYHQWV�ZLWK�D�KLJK�YRODWLOH�RUJDQLF�FRPSRXQG��92&��FRQWHQW���)RU�H[DPSOH��D�FRPPRQO\�XVHG
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What is the Design for the Environment Program ?

The Design for the Environment (DfE) Program
harnesses EPA’s expertise and leadership to facilitate
information exchange and research on risk reduction and
pollution prevention efforts. DfE works with businesses on a
voluntary basis, and its wide-ranging projects include:

� Assisting businesses in incorporating environmental
concerns into decision-making processes.

� Working with specific industries to evaluate the risks,
performance, and costs of alternative chemicals, processes,
and technologies.

� Helping individual businesses undertake environmental
design efforts through the application of specific tools and
methods.

DfE partners include :

�  Industry
�  Professional Institutions
�  Academia
�  Environmental Groups
�  Public Interest Groups
�  Other Government Agencies

�VROYHQW�LV�90	3�QDSKWKD��ZKLFK�LV
���� SHUFHQW� YRODWLOH�� � 7KH� KLJK
92&�FRQWHQW� EODQNHW� ZDVKHV
FXUUHQWO\� XVHG� E\� PDQ\� SULQWHUV
PD\� SRVH� D� SRWHQWLDO� ULVN� WR
ZRUNHUVª� KHDOWK� DQG� WR� WKH
HQYLURQPHQW�� � ,Q� DGGLWLRQ�� 92&V
KDYH� EHHQ� LPSOLFDWHG� LQ� WKH
IRUPDWLRQ�RI�JURXQG�OHYHO�R]RQH���$V
D� UHVXOW� RI� WKH� SRWHQWLDO� DGYHUVH
HIIHFWV� WKDW� PD\� UHVXOW� IURP� WKH
UHOHDVH� RI� 92&V� IURP� EODQNHW
ZDVKHV� DQG� IURP� RWKHU
DSSOLFDWLRQV�� WKH� (3$� DQG� VRPH
VWDWHV�DUH�FRQVLGHULQJ�UHJXODWLRQV
WKDW�PD\�LPSRVH�UHVWULFWLRQV�RQ�WKH
XVH� DQG� HPLVVLRQV� RI� SURGXFWV
FRQWDLQLQJ� 92&V� DQG� +D]DUGRXV
$LU�3ROOXWDQWV��+$3V����0DQ\�VWDWHV
KDYH� DOUHDG\� LPSOHPHQWHG
UHJXODWLRQV�DLPHG�DW�UHGXFLQJ�92&
HPLVVLRQV�HYHQ�IURP�VPDOO�SULQWHUV�
7KH� 'I(� /LWKRJUDSK\� 3URMHFW
SDUWQHUV� KRSH� WKDW� KHOSLQJ
SULQWHUV�� ODUJH�DQG�VPDOO�� LGHQWLI\
HIIHFWLYH� DQG� FRPSHWLWLYHO\�SULFHG
EODQNHW� ZDVKHV� ZLWK� ORZHU� 92&
FRQWHQW�ZLOO�UHVXOW�LQ�LPSURYHG�DLU
TXDOLW\� LQ� ERWK� SULQWLQJ� IDFLOLWLHV
DQG�LQ�WKH�DPELHQW�DLU�

7KH�SURMHFW�SDUWQHUV�GHFLGHG�WKDW�WKH�'I(�/LWKRJUDSK\�3URMHFW�ZRXOG�IRFXV�RQ�WKH�FRQFHUQV
RI�VPDOO�SULQWHUV���8QOLNH�PDQ\�ODUJH�SULQWHUV�ZKR�PD\�KDYH�VWDII�WKDW�DUH�IDPLOLDU�ZLWK��RU�KDYH
DFFHVV�WR��FXUUHQW�LQIRUPDWLRQ�DERXW�QHZ�DQG�GHYHORSLQJ�SURGXFWV�DQG�WHFKQRORJLHV��PRVW�VPDOOHU
SULQWHUV�DUH�XQOLNHO\�WR�KDYH�WKH�VWDII��WLPH��RU�UHVRXUFHV�WR�LQYHVWLJDWH�WKH�ODWHVW�LQQRYDWLRQV���7R
UHVSRQG�WR�WKH�FRQFHUQV�RI�WKHVH�VPDOOHU�SULQWHUV��WKH�'I(�/LWKRJUDSK\�3URMHFW�SDUWQHUV�DJUHHG�WKDW
WKH�SULPDU\�JRDO�RI�WKH�SURMHFW�ZRXOG�EH�WKH�DVVHVVPHQW�RI�PDQXDO�EODQNHW�ZDVKHV�DV�WKH\�DUH
W\SLFDOO\�XVHG�LQ�VPDOOHU�SULQW�VKRSV�

,Q�RUGHU�WR�EH�HYDOXDWHG�E\�WKH�3URMHFW��WKH�EODQNHW�ZDVKHV�KDG�WR�PHHW�VHYHUDO�FULWHULD������
WKH\�QHHGHG�WR�EH�FRPPHUFLDOO\�DYDLODEOH������WKH\�KDG�WR�EH�YROXQWDULO\�GRQDWHG�E\�WKH�VXSSOLHU�
DQG� ���� WKH� FRPSOHWH� IRUPXODWLRQV� KDG� WR� EH� GLVFORVHG� WR� (3$� IRU� ULVN� DVVHVVPHQW� SXUSRVHV
�DOWKRXJK�WKH�H[DFW�FRPSRVLWLRQ�ZDV�WUHDWHG�DV�FRQILGHQWLDO�E\�(3$�DQG�QRW�GLVFORVHG�WR�SULQWHUV
RU�RWKHU�RXWVLGH�SDUWLHV����,Q�DOO�����EODQNHW�ZDVKHV�DQG�90	3�QDSKWKD��EDVHOLQH���GRQDWHG�E\���
VXSSOLHUV��ZHUH�LQFOXGHG�LQ�WKH�3URMHFW�

7R�SURYLGH�D�EDVLV�IRU�FRPSDULVRQ�DPRQJ�WKH�EODQNHW�ZDVKHV��D�EDVHOLQH�EODQNHW�ZDVK�ZDV
VHOHFWHG���90	3�QDSKWKD��ZKLFK�LV�FRPSRVHG�RI�����SHUFHQW�OLJKW�DOLSKDWLF�VROYHQW�QDSKWKD��ZDV
FKRVHQ�DV�WKH�EDVHOLQH�EHFDXVH�WKH�3URMHFW�SDUWQHUV�EHOLHYHG�WKDW�PRVW�SULQWHUV�ZRXOG�DOUHDG\�EH
IDPLOLDU�ZLWK�KRZ�90	3�QDSKWKD�SHUIRUPV�DQG�WKDW�LW�ZRXOG�EH�D�XVHIXO�SRLQW�RI�UHIHUHQFH�IRU�WKH
HYDOXDWLRQ�RI�WKH�VXEVWLWXWH�ZDVKHV���90	3�QDSKWKD�LV�KLJKO\�HIIHFWLYH�LQ�FOHDQLQJ�EODQNHWV�DQG
UHODWLYHO\�LQH[SHQVLYH�DQG��WKHUHIRUH��SURYLGHV�DQ�H[FHOOHQW�VWDQGDUG�DJDLQVW�ZKLFK�WR�FRPSDUH�WKH
FRVW�DQG�SHUIRUPDQFH�RI�WKH�VXEVWLWXWH�EODQNHW�ZDVKHV�
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III.  CLEANER TECHNOLOGIES SUBSTITUTES ASSESSMENT

Summary of Results

%DVHG�RQ� WKH�KD]DUG�DQG�H[SRVXUH� LQIRUPDWLRQ�FROOHFWHG�DQG�DQDO\]HG� IRU� WKH�EODQNHW
ZDVKHV��ULVN�HVWLPDWHV�ZHUH�GHWHUPLQHG�IRU�ERWK�WKH�JHQHUDO�SRSXODWLRQ��L�H���SHRSOH�OLYLQJ�QHDU�D
SULQWLQJ�IDFLOLW\�ZKR�PD\�EH�H[SRVHG�WR�FRQWDPLQDWHG�DLU�RU�ZDWHU��DV�ZHOO�DV�IRU�ZRUNHUV�DW�WKH
SULQWLQJ� IDFLOLWLHV�� �5LVN� HVWLPDWHV� DVVRFLDWHG�ZLWK� WKH� FKHPLFDOV� LQ� WKH�EODQNHW�ZDVKHV�ZHUH
QHJOLJLEOH� IRU� WKH� JHQHUDO� SRSXODWLRQ�� � 7ZHQW\�VHYHQ� RI� WKH� ��� EODQNHW� ZDVKHV� KDG� VRPH
RFFXSDWLRQDO�ULVNV�DVVRFLDWHG�ZLWK�WKHP��SULPDULO\�IURP�GHUPDO�H[SRVXUH���3RVVLEOH�DGYHUVH�HIIHFWV
IURP� GHUPDO� H[SRVXUH� �DQG� VRPH� LQKDODWLRQ� H[SRVXUH�� LQFOXGHG� EORRG� DEQRUPDOLWLHV�
UHSURGXFWLYH�GHYHORSPHQWDO� SUREOHPV�� RU� WKH� SUHVHQFH� RI� FDUFLQRJHQV�� � 3URSHU� SURWHFWLYH
HTXLSPHQW�ZRXOG�VXEVWDQWLDOO\�UHGXFH�RU�HOLPLQDWH�WKHVH�ULVNV�WR�ZRUNHUV�

3ULRU�WR�GHPRQVWUDWLRQ�RI�WKH�EODQNHW�ZDVKHV�LQ�D�SULQW�VKRS��WKH����VXEVWLWXWH�EODQNHW
ZDVKHV�ZHUH�WHVWHG�LQ�WKH�ODERUDWRU\�IRU�EODQNHW�VZHOO�SRWHQWLDO�DQG�ZLSDELOLW\���2I�WKH����ZDVKHV�
���ZHUH�GHHPHG�WR�EH�VDWLVIDFWRU\� IRU�GHPRQVWUDWLRQV�DW�YROXQWHHU�SULQWLQJ�VKRSV� �WZR�VKRSV
GHPRQVWUDWHG�HDFK�EODQNHW�ZDVK����7KH�UHVXOWV�RI�WKH�SHUIRUPDQFH�GHPRQVWUDWLRQV�ZHUH�KLJKO\
YDULDEOH�EHWZHHQ�WKH�WZR�SULQW�VKRSV�XVLQJ�D�SDUWLFXODU�EODQNHW�ZDVK�DQG�DPRQJ�WKH�PDQ\�EODQNHW
ZDVKHV�WKHPVHOYHV���3HUIRUPDQFH�YDULHG�WR�D�JUHDW�H[WHQW�EDVHG�RQ�WKH�DPRXQW�RI�LQN�FRYHUDJH�
([FOXGLQJ�WULDOV�ZLWK�KHDY\�LQN�FRYHUDJH��HOHYHQ�ZDVKHV�JDYH�JRRG�RU�IDLU�SHUIRUPDQFHV�DW�ERWK
IDFLOLWLHV��VHYHQ�ZDVKHV�JDYH�JRRG�RU�IDLU�SHUIRUPDQFH�DW�RQH�IDFLOLW\�EXW�QRW�WKH�RWKHU��DQG�WKH
UHPDLQLQJ�IRXU�ZDVKHV�SHUIRUPHG�SRRUO\�DW�ERWK�IDFLOLWLHV�

7KH�FRVWV�RI�XVLQJ� WKH�VXEVWLWXWH�EODQNHW�ZDVKHV�ZHUH�DOVR�KLJKO\�YDULDEOH�HYHQ�ZKHQ
QRUPDOL]HG�IRU�FRVWV�VXFK�DV�ZDJHV��QXPEHU�RI�EODQNHWV�FOHDQHG��HWF���&RPSDUHG�ZLWK�WKH�XVH�RI
WKH�EDVHOLQH��90	3�QDSKWKD��PRVW�RI�WKH�VXEVWLWXWH�EODQNHW�ZDVKHV�UHVXOWHG�LQ�LQFUHDVHG�FRVWV�
KRZHYHU�� ILYH� EODQNHW�ZDVKHV� GLG� UHVXOW� LQ� ORZHU� FRVWV� IRU� DW� OHDVW� RQH� RI� WKH� GHPRQVWUDWLRQ
IDFLOLWLHV��DQG�RQH�UHVXOWHG�LQ�ORZHU�FRVWV�DW�ERWK�IDFLOLWLHV���7KH�FRVW�RI�XVLQJ�WKH�EODQNHW�ZDVK�ZDV
PRVW�GHSHQGHQW�RQ�WKH�DPRXQW�RI�WLPH�UHTXLUHG�WR�FOHDQ�WKH�EODQNHW���7KLV�FRVW�ZDV�OLNHO\�KLJKHU
GXH�WR�WKH�SUHVV�RSHUDWRUV
�ODFN�RI�IDPLOLDULW\�ZLWK�WKH�QHZ�SURGXFWV�

Data Collection

'HWHUPLQLQJ� WKH� ULVNV� RI� WKH� VXEVWLWXWH� EODQNHW� ZDVKHV� UHTXLUHG� LQIRUPDWLRQ� RQ� WKH
FKHPLFDOV� LQ� HDFK�EODQNHW�ZDVK� IRUPXODWLRQ� �D� EODQNHW�ZDVK� LV�XVXDOO\� D�PL[WXUH� RI� VHYHUDO
FKHPLFDOV�LQFOXGLQJ�VROYHQWV��WKH�H[DFW�FKHPLFDOV�DQG�WKHLU�SURSRUWLRQV�GHILQH�WKH�IRUPXODWLRQ��
6SHFLILFDOO\��HDFK�EODQNHW�ZDVK�IRUPXODWLRQ�ZDV�EURNHQ�GRZQ�LQWR�LWV�FKHPLFDO�FRPSRQHQWV��DQG
GDWD�ZHUH�JDWKHUHG�RQ�HDFK�LQGLYLGXDO�FKHPLFDO���,Q�RUGHU�WR�PDLQWDLQ�WKH�FRQILGHQWLDOLW\�RI�WKH
IRUPXODWLRQV��(3$�JHQHULFL]HG�WKH�VSHFLILF�FKHPLFDOV�LQ�WKH�IRUPXODWLRQV�LQWR�FKHPLFDO�FDWHJRULHV
�&KDSWHU����6HFWLRQ������)RU�H[DPSOH��LI�D�IRUPXODWLRQ�FRQWDLQHG�GRGHF\O�EHQ]HQHVXOIRQLF�DFLG�RU
VRGLXP�[\OHQH�VXOIRQDWH��ERWK�RI�WKHVH�FKHPLFDOV�ZHUH�GHVLJQDWHG�E\�WKH�FKHPLFDO�FDWHJRU\�DON\O
EHQ]HQH� VXOIRQDWHV�� � 6LPLODUO\�� LI� RQH� IRUPXODWLRQ� FRQWDLQHG� VROYHQW� QDSKWKD� DQG� DQRWKHU
IRUPXODWLRQ� FRQWDLQHG� [\OHQH�� ERWK� RI� WKHVH� FKHPLFDOV� ZRXOG� EH� FDWHJRUL]HG� DV� DURPDWLF
K\GURFDUERQV���$OWKRXJK�WKH�DFWXDO�SHUFHQWDJH�RI�HDFK�FRPSRQHQW�LQ�WKH�PL[WXUH�ZDV�XVHG�LQ�WKH
DVVHVVPHQW��WKLV�LQIRUPDWLRQ�ZDV�QRW�SURYLGHG�LQ�WKH�&76$�WR�PDLQWDLQ�WKH�FRQILGHQWLDOLW\�RI�WKH
SURSULHWDU\�IRUPXODWLRQV���7KH�DFWXDO�FRPSRVLWLRQ�RI�WKH�IRUPXODWLRQV�ZDV�WKXV�NHSW�FRQILGHQWLDO
ZKLOH�VWLOO�SURYLGLQJ�DQ�LQGLFDWLRQ�RI�WKH�W\SH�RI�FKHPLFDO�WKDW�FRXOG�SRVH�D�KD]DUG�

&KHPLFDO�,QIRUPDWLRQ

)RU�HDFK�RI�WKH����FKHPLFDOV�LQFOXGHG�LQ�WKH����EODQNHW�ZDVK�IRUPXODWLRQV��WKH�FKHPLFDO
SURSHUWLHV� DQG� VHOHFWHG� HQYLURQPHQWDO� IDWH� SURSHUWLHV� ZHUH� GHWHUPLQHG� DQG� DUH� SUHVHQWHG� LQ
&KDSWHU����6HFWLRQ�����3URSHUWLHV�WKDW�ZHUH�PHDVXUHG�RU�HVWLPDWHG��XVLQJ�D�YDULHW\�RI�VWDQGDUG
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Project Considerations

There are limitations associated with the analysis that was conducted in the project.  Some
of the global limitations are listed below, other limitations, specific to a particular portion of the
assessment, are given in the applicable sections. 

� This assessment focuses on the use of manual blanket washes in small lithographic printing
facilities using only one press with four color units.  Exposure estimates related to blanket
wash use in larger facilities may be higher.

� The exposure and risk estimates reflect a small portion of the potential exposures within a
lithographic printing facility.  Many of the chemicals found in these formulations may also
be present in the inks or other cleaning solvents used in a shop.  Incremental reduction of
exposures from blanket wash use will reduce cumulative exposures from all sources in a
printing facility.

� The risks associated with volatile organic compound (VOC) releases were not examined
in this assessment. Because VOC releases are a driving factor behind current regulations
affecting printers, VOC content for the formulations are given at the request of industry
participants. The concerns associated with VOC releases are addressed by federal, state,
and local regulations and were not re-evaluated here.

� The regulatory information contained in the CTSA may be useful in moving away from
chemicals that trigger compliance issues, however this document is not intended to provide
compliance assistance. If the reader has questions regarding compliance concerns they
should contact their federal, state, or local regulatory authorities.

� The 37 blanket wash formulations assessed in this report were voluntarily submitted by
participating suppliers and are not intended to be representative of the entire blanket wash
market. 

� The performance and cost data are not based on rigorous scientific studies.  This
information is subjective and is based on limited data points.

� Screening-level risk characterization techniques were used.  The risk characterization
results, therefore, contain limitations regarding confidence.

(3$�PHWKRGV��LQFOXGHG�PHOWLQJ�SRLQW��VROXELOLW\��YDSRU�SUHVVXUH��VRLO�VRUSWLRQ�FRHIILFLHQW��RFWDQRO
ZDWHU�SDUWLWLRQ�FRHIILFLHQW��ERLOLQJ�SRLQW��DQG�IODVK�SRLQW���3UHVHQWDWLRQ�RI�WKHVH�SURSHUWLHV�DOORZV
IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�HQYLURQPHQWDO�IDWH�RI�WKHVH�FKHPLFDOV�ZKHQ�WKH\�DUH�UHOHDVHG�WR�WKH
YDULRXV�PHGLD�VXFK�DV�ODQGILOOV��SXEOLFO\�RZQHG�WUHDWPHQW�ZRUNV��VXUIDFH�ZDWHUV��DQG�VRLO�

+HDOWK�+D]DUG�$VVHVVPHQWV

,QKHUHQW�LQ�GHWHUPLQLQJ�DQ\�ULVN�DVVRFLDWHG�ZLWK�WKHVH�FKHPLFDOV�LV�D�GHWHUPLQDWLRQ�RI�WKH
KD]DUG�RU� WR[LFLW\�RI� WKH�FKHPLFDO�DV�SUHVHQWHG� LQ�6HFWLRQ������ �0DQ\�RI� WKH�FKHPLFDOV� LQ�WKH
EODQNHW� ZDVK� IRUPXODWLRQV� KDYH� EHHQ� VWXGLHG� WR� GHWHUPLQH� WKHLU� KHDOWK� HIIHFWV�� � ,Q� RUGHU� WR
GHWHUPLQH� WKRVH� FKHPLFDOV� IRU� ZKLFK� WHVWLQJ� GDWD� ZHUH� DYDLODEOH�� OLWHUDWXUH� VHDUFKHV� ZHUH
FRQGXFWHG�RI�RQ�OLQH�GDWDEDVHV�LQFOXGLQJ�WKH�(3$
V�,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6���WKH
1DWLRQDO� /LEUDU\� RI�0HGLFLQH
V�+D]DUGRXV�6XEVWDQFHV�'DWD�%DQN� �+6'%��� 72;/,1(��72;/,7�
*(1(72;��DQG�WKH�5HJLVWU\�RI�7R[LF�(IIHFWV�RI�&KHPLFDO�6XEVWDQFHV��57(&6��
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)RU�PDQ\�RI�WKH�FKHPLFDOV��(3$�KDV�LGHQWLILHG�FKHPLFDO�FRQFHQWUDWLRQV�WKDW�DUH�NQRZQ�WR
EH�KD]DUGRXV��H�J���QR��RU�ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�OHYHO�>12$(/�RU�/2$(/@��RU�OHYHOV�WKDW�DUH
SURWHFWLYH�RI�KXPDQ�KHDOWK��UHIHUHQFH�FRQFHQWUDWLRQ�RU�UHIHUHQFH�GRVH����7KHVH�YDOXHV�ZHUH�WDNHQ
IURP�SXEOLVKHG�OLWHUDWXUH���)RU�WKRVH�FKHPLFDOV�ODFNLQJ�WR[LFLW\�GDWD��(3$
V�6WUXFWXUH�$FWLYLW\�7HDP
HVWLPDWHG�KXPDQ�KHDOWK�FRQFHUQV�EDVHG�RQ�DQDORJRXV�FKHPLFDOV���7KH�DGYHUVH�HIIHFWV�DVVRFLDWHG
ZLWK�WKHVH�FKHPLFDOV�LQFOXGH�FDQFHU��FKURQLF�HIIHFWV�RQ�YDULRXV�RUJDQV�VXFK�DV�WKH�OLYHU�RU�NLGQH\�
HIIHFWV�RQ�GHYHORSLQJ�IHWXVHV��JHQHWLF�PXWDWLRQV�RU�DEHUUDWLRQV��JDVWURLQWHVWLQDO�HIIHFWV��HIIHFWV�RQ
EORRG��QHUYRXV�V\VWHP��DQG�UHVSLUDWRU\�V\VWHP��DQG�HIIHFWV�RQ�WKH�UHSURGXFWLYH�FDSDELOLWLHV�RI
PDOHV�RU�IHPDOHV���7KH�WR[LFLW\�YDOXHV��URXWH�RI�H[SRVXUH��DQG�DGYHUVH�HIIHFWV�IRU�HDFK�FKHPLFDO�DUH
OLVWHG�LQ�7DEOH�������7KLV�LQIRUPDWLRQ�LV�FRPELQHG�ZLWK�HVWLPDWHG�H[SRVXUH�OHYHOV�WR�GHYHORS�DQ
HVWLPDWH�RI�WKH�ULVN�DVVRFLDWHG�ZLWK�HDFK�FKHPLFDO�

(FRORJLFDO�+D]DUG�$VVHVVPHQWV

6LPLODU�LQIRUPDWLRQ�ZDV�JDWKHUHG�RQ�WKH�HFRORJLFDO�HIIHFWV�WKDW�PD\�EH�H[SHFWHG�LI�WKHVH
FKHPLFDOV�DUH�UHOHDVHG�WR�ZDWHU���$FXWH�DQG�FKURQLF�DTXDWLF�WR[LFLW\�YDOXHV�ZHUH�HVWLPDWHG�E\�(3$
XVLQJ� VWUXFWXUH�DFWLYLW\� UHODWLRQVKLS� VRIWZDUH� GHYHORSHG� IRU� WKDW� SXUSRVH� DQG� YHULILHG� E\
FRPSDULVRQ�ZLWK�GDWD�LQ�WKH�DYDLODEOH�OLWHUDWXUH���)RU�GLVFUHWH�RUJDQLF�FKHPLFDOV�VXFK�DV�[\OHQH�
D�VWUXFWXUH�DFWLYLW\�UHODWLRQVKLS�ZDV�XVHG�WR�SUHGLFW�WKH�DFXWH�DQG�FKURQLF�WR[LFLW\�WR�ILVK��DTXDWLF
LQYHUWHEUDWHV��DQG�DOJDH���)RU�SHWUROHXP�SURGXFWV�VXFK�DV�PLQHUDO�VSLULWV��ZKLFK�DUH�PL[WXUHV�DQG
KDYH�XQGHILQHG�FRPSRVLWLRQV��WR[LFLW\�YDOXHV�ZHUH�GHWHUPLQHG�E\�HVWLPDWLQJ�WKH�WR[LFLW\�RI�HDFK
LQGLYLGXDO�FRQVWLWXHQW�DQG�WKHQ�HYDOXDWLQJ�WKH�KD]DUG�RI�WKH�SURGXFW�EDVHG�RQ�WKH�FRQVWLWXHQWV�
$TXDWLF�WR[LFLW\�YDOXHV�ZHUH�LGHQWLILHG�IURP�RQ�OLQH�GDWDEDVH�VHDUFKHV��72;/,1(�DQG�$48,5(��IRU
FRPSDULVRQ���%DVHG�RQ�WKH�WR[LFLW\�YDOXHV��WKH����FKHPLFDOV�ZHUH�UDQNHG�DFFRUGLQJ�WR�WKHLU�KD]DUG
FRQFHUQ�DV�KLJK����FKHPLFDOV���PRGHUDWH�����FKHPLFDOV���RU�ORZ�����FKHPLFDOV����$TXDWLF�WR[LFLW\
GDWD�IRU�WKH�RQH�LQRUJDQLF�FKHPLFDO�LQ�WKH�IRUPXODWLRQV��VRGLXP�K\GUR[LGH��LQGLFDWHG�WKDW�WKH
ORZHVW�FKURQLF�DTXDWLF�WR[LFLW\�YDOXH�ZDV�����PJ�/��DQG�WKHUHIRUH��RI�ORZ�DTXDWLF�WR[LFLW\�FRQFHUQ�

)HGHUDO�5HJXODWRU\�6WDWXV

6HYHUDO�UHJXODWRU\�OLVWV�ZHUH�VHDUFKHG�IRU�EODQNHW�ZDVK�FKHPLFDOV�WKDW�PLJKW�WULJJHU�IHGHUDO
UHJXODWRU\� UHTXLUHPHQWV�� � 7KH� SUHVHQFH� RI� IHGHUDOO\�UHJXODWHG� FKHPLFDOV� LQ� D� EODQNHW� ZDVK
IRUPXODWLRQ�PD\�LQIOXHQFH�D�SULQWHU
V�GHFLVLRQ�WR�XVH�WKDW�IRUPXODWLRQ���7HQ�RI�WKH����FKHPLFDOV
LQ�WKH�EODQNHW�ZDVK�IRUPXODWLRQV�DUH�VXEMHFW�WR�YDULRXV�IHGHUDO�HQYLURQPHQWDO�UHJXODWLRQV���7KHVH
FKHPLFDOV� DUH� ������WULPHWK\O� EHQ]HQH�� FXPHQH�� GLHWKDQRODPLQH�� GLHWK\OHQH� JO\FRO�PRQREXW\O
HWKHU��GRGHF\OEHQ]HQH�VXOIRQLF�DFLG��1�PHWK\OS\UUROLGRQH��VRGLXP�ELV�HWK\OKH[\O��VXOIRVXFFLQDWH�
VRGLXP�K\GUR[LGH��6WRGGDUG�VROYHQW��DQG�[\OHQH���$PRQJ�WKH�UHJXODWLRQV�WKDW�DSSO\�WR�RQH�RU�PRUH
RI� WKHVH� FKHPLFDOV� DUH� WKH� &OHDQ�:DWHU� $FW�� WKH� &OHDQ� $LU� $FW�� &(5&/$�� 6$5$�� DQG� 5&5$�
5HSRUWLQJ�DQG�RWKHU�UHTXLUHPHQWV�PD\�DIIHFW�WKH�XVH��VWRUDJH��DQG�GLVSRVDO�RI�WKHVH�FKHPLFDOV
XQGHU�WKHVH�RU�RWKHU�VWDWXWHV��

6DIHW\�+D]DUGV

%HFDXVH� RI� WKH�PDQ\� YRODWLOH�� RU� RWKHUZLVH� KD]DUGRXV� FKHPLFDOV� LQ� WKH� EODQNHW� ZDVK
IRUPXODWLRQV��IRXU�VDIHW\�IDFWRUV�DUH�SURYLGHG�IRU�HDFK�IRUPXODWLRQ���6DIHW\�GDWD�RQ�WKH�UHDFWLYLW\�
IODPPDELOLW\��LJQLWDELOLW\��DQG�FRUURVLYLW\�RI�WKH�DFWXDO�EODQNHW�ZDVK�IRUPXODWLRQV�FRQWDLQLQJ�WKHVH
FKHPLFDOV�DUH�LQFOXGHG�LQ�6HFWLRQ�������7KLV�LQIRUPDWLRQ�ZDV�REWDLQHG�IURP�0DWHULDO�6DIHW\�'DWD
6KHHWV�SURYLGHG�E\�WKH�VXSSOLHUV���)DFWRUV�DUH�EDVHG�RQ�WKH�1DWLRQDO�)LUH�3URWHFWLRQ�$VVRFLDWLRQ
V
UDQNLQJ�IRU�UHDFWLYLW\�DQG�IODPPDELOLW\�
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Results

,Q�RUGHU�WR�FKDUDFWHUL]H�WKH�JHQHUDO�SRSXODWLRQ�DQG�RFFXSDWLRQDO�ULVNV�DVVRFLDWHG�ZLWK�WKH
EODQNHW�ZDVK�FKHPLFDOV��H[SRVXUH�LQIRUPDWLRQ�ZDV�HVWLPDWHG�DQG�WKHQ�FRPELQHG�ZLWK�WKH�KD]DUG
LQIRUPDWLRQ�LGHQWLILHG�LQ�&KDSWHU�����([SRVXUH�OHYHOV�XVHG�LQ�WKH�ULVN�DVVHVVPHQW�ZHUH�EDVHG�RQ
HVWLPDWHG�HQYLURQPHQWDO�UHOHDVH�GDWD�� �5HOHDVHV�IURP�D�PRGHO�SULQWLQJ�IDFLOLW\�ZHUH�HVWLPDWHG
EDVHG�RQ�PRGHOV�DQG�WKH�UHVXOWLQJ�H[SRVXUHV� WR� WKH�JHQHUDO�SRSXODWLRQ�ZHUH� WKHQ�GHYHORSHG�
2FFXSDWLRQDO�H[SRVXUH�WR�WKH�EODQNHW�ZDVKHV�ZHUH�DOVR�GHWHUPLQHG���7KH�VSHFLILF�PHWKRGV�DQG
UHVXOWV�RI�WKH�H[SRVXUH�DQG�ULVN�DVVHVVPHQWV�DUH�GHVFULEHG�EHORZ�

([SRVXUH�$VVHVVPHQW

,Q�RUGHU�WR�DVVHVV�WKH�ULVNV��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�QRW�RQO\�WKH�KD]DUGV�SRVHG�E\
WKH�FKHPLFDOV�RU�EODQNHW�ZDVK�IRUPXODWLRQV��EXW�DOVR�WR�NQRZ�KRZ�SHRSOH�RU�WKH�HQYLURQPHQW�PD\
EH�H[SRVHG�WR�WKH�FKHPLFDOV�IURP�WKHLU�XVH�DV�EODQNHW�ZDVKHV���(3$�XVHG�D�PDWHULDOV�EDODQFH
DSSURDFK�IRU�FDOFXODWLQJ�UHOHDVHV�RI�OLWKRJUDSKLF�EODQNHW�ZDVKHV�IURP�SULQWLQJ�IDFLOLWLHV��&KDSWHU
���6HFWLRQ������7KLV�DSSURDFK�DVVXPHV�WKDW����������JDOORQV�RI�EODQNHW�ZDVK�DUH�SXUFKDVHG�SHU�\HDU
E\�D�IDFLOLW\������DOO�RI�WKH�EODQNHW�ZDVK�LV�HLWKHU�UHOHDVHG�WR�DLU�LQ�WKH�VKRS��DQG�HYHQWXDOO\�WR�WKH
RXWGRRUV��RU�LV�OHIW�RQ�WKH�FOHDQLQJ�ZLSHV�ZKLFK�DUH�ODXQGHUHG�ZLWK�VXEVHTXHQW�UHOHDVHV�WR�ZDWHU�
DQG�����UHOHDVH�RI�WKH�EODQNHW�ZDVK�WR�DLU�LV�GHSHQGHQW�RQ�WKH�YDSRU�SUHVVXUH�RI�WKH�FKHPLFDOV�LQ
WKH�IRUPXODWLRQ���'HSHQGLQJ�RQ�WKH�FRPSRVLWLRQ�RI�WKH�EODQNHW�ZDVK��L�H���92&�FRQWHQW�DQG�GHQVLW\
RI�WKH�FRPSRQHQWV���SRWHQWLDO�HQYLURQPHQWDO�UHOHDVHV�WR�DLU�DQG�ZDWHU�ZHUH�FDOFXODWHG�IRU�HDFK�RI
WKH�FKHPLFDOV�LQ�WKH�IRUPXODWLRQV���5HOHDVHV�WR�DLU�UDQJHG�IURP�QRQ�H[LVWHQW�WR������J�VHF�IRU
WHUSHQHV� LQ�)RUPXODWLRQ����� �5HOHDVHV� WR�ZDWHU� UDQJHG� IURP�QRQ�H[LVWHQW� WR�DV�PXFK�DV����
NJ�\HDU�IRU�IDWW\�DFLG�GHULYDWLYHV�LQ�)RUPXODWLRQ����

3RWHQWLDO� ZRUNHU� H[SRVXUHV� ZHUH� HYDOXDWHG� �&KDSWHU� ��� 6HFWLRQ� ���� � $V� ZLWK� WKH
HQYLURQPHQWDO�UHOHDVH�HVWLPDWHV��FHUWDLQ�DVVXPSWLRQV�PXVW�EH�PDGH�VXFK�DV�WKH�QXPEHU�RI�WLPHV
D�ZRUNHU�FOHDQV�WKH�EODQNHWV�SHU�VKLIW��WKH�OHQJWK�RI�WLPH�UHTXLUHG�WR�FOHDQ�D�EODQNHW�DQG�WKH
DPRXQW�RI�ZDVK�XVHG���7R�DVVXUH�WKDW�WKHVH�DVVXPSWLRQV�ZHUH�LQGLFDWLYH�RI��UHDO�ZRUOG��SULQW
VKRSV��WKH\�ZHUH�UHYLHZHG�E\�OLWKRJUDSKLF�LQGXVWU\�UHSUHVHQWDWLYHV�DQG�DGMXVWHG�DV�QHFHVVDU\�
&KHPLFDOV�ZLWK�YDSRU�SUHVVXUHV�RI�OHVV�WKDQ��� �PP�PHUFXU\�ZHUH�DVVXPHG�WR�KDYH�QR�LQKDODWLRQ��

SRWHQWLDO�EHFDXVH�WKH\�ZRXOG�QRW�YRODWLOL]H���,QKDODWLRQ�H[SRVXUHV�ZHUH�QHJOLJLEOH�IRU�PRVW�RI�WKH
IRUPXODWLRQV��KRZHYHU��VRPH�IRUPXODWLRQV�WKDW�FRQWDLQHG�FKHPLFDOV�VXFK�DV�SHWUROHXP�GLVWLOODWH
K\GURFDUERQV��DURPDWLF�K\GURFDUERQV��DQG�WHUSHQHV�GLG�KDYH�VLJQLILFDQW�LQKDODWLRQ�SRWHQWLDO��XS
WR�����PJ�GD\����'HUPDO�H[SRVXUHV�IURP�FRQWDFW�ZLWK�WKH�EODQNHW�ZDVK�VROXWLRQ�GXULQJ�FOHDQLQJ
DFWLYLWLHV�ZHUH�HVWLPDWHG�EDVHG�RQ�WKH�W\SH�RI�RSHUDWLRQ�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�ZDVK��VRPH
ZDVKHV�ZHUH�GLOXWHG�SULRU�WR�XVH����'HUPDO�H[SRVXUH�WHQGHG�WR�EH�KLJK�IRU�DOO�IRUPXODWLRQV��ZLWK
OHYHOV�H[FHHGLQJ�������PJ�GD\�IRU�FHUWDLQ�FKHPLFDOV�LQ����IRUPXODWLRQV���$OO�GHUPDO�H[SRVXUHV
ZRXOG�EH�QHJOLJLEOH�LI�SURSHU�SURWHFWLYH�FORWKLQJ�ZDV�ZRUQ�

*HQHUDO�SRSXODWLRQ�H[SRVXUH�EDVHG�RQ�WKH�HQYLURQPHQWDO�UHOHDVHV�GHVFULEHG�DERYH�ZHUH
H[DPLQHG���6XFK�H[SRVXUH�PD\�RFFXU�E\�D�YDULHW\�RI�URXWHV�LQFOXGLQJ�EUHDWKLQJ�YDSRUV�RI�WKH
IRUPXODWLRQV�LQ�DLU�QHDU�WKH�SULQWLQJ�IDFLOLWLHV�RU�GULQNLQJ�FRQWDPLQDWHG�ZDWHU��&KDSWHU����6HFWLRQ
�����([SRVXUHV�IRU�WKH�JHQHUDO�SRSXODWLRQ�ZHUH�GHWHUPLQHG�EDVHG�RQ�DWPRVSKHULF�PRGHOLQJ�DQG
VXUIDFH�ZDWHU�PRGHOLQJ�DQG�ZHUH�XVHG�WR�GHYHORS�WKH�ULVN�FKDUDFWHUL]DWLRQV�

7ZR�DWPRVSKHULF�H[SRVXUH�VFHQDULRV�ZHUH�XVHG���ORFDO�DQG�UHJLRQDO���,Q�WKH�ORFDO�VFHQDULR�
UHOHDVHV�IURP�RQO\�D�VLQJOH��PRGHO��SULQWLQJ�IDFLOLW\�LQ�QRUPDO�RSHUDWLRQV�ZHUH�FRQVLGHUHG���%DVHG
RQ�WKH�DWPRVSKHULF�GLVSHUVLRQ�PRGHO��WKH�OLIHWLPH�DYHUDJH�GDLO\�GRVH�IRU�DQ�DGXOW�UDQJHG�IURP��[���

�PJ�NJ�GD\�WR����[�� �PJ�NJ�GD\���'HQYHU��&RORUDGR�ZDV�FKRVHQ�WR�HYDOXDWH�WKH�FXPXODWLYH�� � � ��

HIIHFWV�IURP�VHYHUDO�IDFLOLWLHV�LQ�D�FRPPXQLW\���$VVXPSWLRQV�XVHG�LQ�WKLV�H[SRVXUH�LQFOXGHG������
����OLWKRJUDSKHUV�LQ�'HQYHU������WKH������SRSXODWLRQ�ZDV�DSSUR[LPDWHO\��������������WKH�DUHD�RI
'HQYHU�LV�����VTXDUH�NLORPHWHUV���7KH�UHVXOWLQJ�DYHUDJH�GDLO\�GRVHV�IRU�WKH�SRSXODWLRQ�RI�'HQYHU
UDQJHG�IURP��[�� �WR����[�� �PJ�NJ�GD\���� � ��
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,Q�DGGLWLRQ�WR�H[SRVXUH�IURP�DWPRVSKHULF�UHOHDVHV��GRVHV�WR�SHRSOH�DV�D�UHVXOW�RI�VXUIDFH
ZDWHU�UHOHDVHV�IURP�RQH�SULQWLQJ�IDFLOLW\��ORFDO��DQG�DOO�SULQWHUV�LQ�WKH�&LW\�RI�'HQYHU��UHJLRQDO��ZHUH
DOVR�HVWLPDWHG���7KHVH�HVWLPDWHV�ZHUH�EDVHG�RQ�ODXQGU\�FOHDQLQJ�RI�SULQW�VKRS�WRZHOV�FRQWDLQLQJ
EODQNHW�ZDVKHV���$OO�ZDWHU�UHOHDVHV�ZHUH�DVVXPHG�WR�JR�WR�WKH�ORFDO�SXEOLFO\�RZQHG�WUHDWPHQW
ZRUNV�EHIRUH�UHOHDVH�WR�D�ZDWHU�ERG\���$VVXPSWLRQV�UHJDUGLQJ�KXPDQ�LQWDNH�LQFOXGHG������SHRSOH
GULQN�DQ�DYHUDJH�RI�WZR�OLWHUV�RI�ZDWHU�D�GD\������VRPH�FKHPLFDOV�ELRDFFXPXODWH�LQ�ILVK��DQG����
SHRSOH�HDW�DQ�DYHUDJH�RI������JUDPV�RI�ILVK�SHU�GD\���)RU�D�SRSXODWLRQ�DURXQG�D�VLQJOH�IDFLOLW\��GDLO\
KXPDQ�GRVHV�EDVHG�RQ�ILVK�LQJHVWLRQ�ZHUH�JHQHUDOO\���WR���RUGHUV�RI�PDJQLWXGH�JUHDWHU�WKDQ�IRU
LQJHVWLRQ�RI�FRQWDPLQDWHG�GULQNLQJ�ZDWHU����WR�����PJ�\HDU�IRU�ZDWHU�FRPSDUHG�ZLWK���WR����
PJ�\HDU�IRU�ILVK����'DLO\�GRVHV�IRU�UHVLGHQWV�RI�'HQYHU�IOXFWXDWHG�JUHDWO\��DOWKRXJK�WKH�GRVHV�ZHUH
FRQVLVWHQWO\�JUHDWHU�IRU�ILVK�LQJHVWLRQ�FRPSDUHG�ZLWK�GULQNLQJ�ZDWHU�LQJHVWLRQ�

5LVN�&KDUDFWHUL]DWLRQ

%\�FRPELQLQJ�WKH�KD]DUG�LQIRUPDWLRQ�SUHVHQWHG�LQ�&KDSWHU���ZLWK�WKH�H[SRVXUH�GDWD�IRU�WKH
EODQNHW�ZDVK�IRUPXODWLRQV�IURP�6HFWLRQ���RI�&KDSWHU����WKH�ULVNV�SRVHG�E\�WKHVH�PL[WXUHV�ZDV
FKDUDFWHUL]HG���7KH�ULVNV�GHWHUPLQHG�IRU�WKH�IRUPXODWLRQV��RU�WKH�FKHPLFDOV�WKDW�FRPSRVH�WKHP�
PD\�WKHQ�EH�FRPSDUHG�ZLWK�HVWDEOLVKHG�ULVN�YDOXHV�IRU�WKH�YDULRXV�FKHPLFDOV�VXFK�DV�5HIHUHQFH
'RVHV��5HIHUHQFH�&RQFHQWUDWLRQV��12$(/V��DQG�/2$(/V�� �$�UDWLR�RI� WKH�HVWLPDWHG�ULVN� WR� WKH
NQRZQ�ULVN�SURYLGHV�D�PDUJLQ�RI�H[SRVXUH���*HQHUDO�SRSXODWLRQ�ULVNV�ZHUH�IRXQG�WR�EH�QRQ�H[LVWHQW
ZKHWKHU� H[SRVXUH� UHVXOWHG� IURP� GULQNLQJ� ZDWHU�� ILVK� LQJHVWLRQ�� RU� LQKDODWLRQ� RI� DPELHQW� DLU�
:RUNHU� ULVNV� ZHUH� JHQHUDOO\� DVVRFLDWHG� ZLWK� RQH� RU� WZR� FKHPLFDOV� LQ� D� JLYHQ� EODQNHW� ZDVK
IRUPXODWLRQ���7ZHQW\�VHYHQ�RI�WKH����EODQNHW�ZDVKHV�SRVHG�VRPH�ULVN�IURP�GHUPDO�H[SRVXUHV���7KH
FRQFHUQ�IRU�ULVNV�WHQGHG�WR�EH�IRU�EORRG�HIIHFWV��VRPH�UHSURGXFWLYH�RU�GHYHORSPHQWDO�HIIHFWV��DQG
WKH�SRVVLEOH�SUHVHQFH�RI�FDUFLQRJHQV���,Q�VRPH�FDVHV��WKH�PDUJLQ�RI�H[SRVXUH�ZDV�OHVV�WKDQ���
VXJJHVWLQJ�WKDW�DGYHUVH�KHDOWK�HIIHFWV�ZHUH�RI�FRQFHUQ�XQGHU�UHDOLVWLF�H[SRVXUH�VLWXDWLRQV���:RUNHU
LQKDODWLRQ�ULVNV�ZHUH�YHU\�ORZ�DV�D�UHVXOW�RI�WKH�UHODWLYHO\�ORZ�H[SRVXUH�OHYHOV��RQO\�IRUPXODWLRQ��
SRVHG�DQ\�LQKDODWLRQ�FRQFHUQV�

5LVNV�LQ�WKH�ZRUNSODFH�DVVRFLDWHG�ZLWK�GHUPDO�H[SRVXUH�WR�WKH�EODQNHW�ZDVKHV�PD\�EH
VXEVWDQWLDOO\�UHGXFHG�E\�WKH�XVH�RI�SURSHU�SURWHFWLYH�HTXLSPHQW�DQG�FORWKLQJ�VXFK�DV�JORYHV�
JRJJOHV��DQG�DSURQV���,QKDODWLRQ�ULVNV�PD\�EH�UHGXFHG�E\�SURSHU�YHQWLODWLRQ�RI�WKH�IDFLOLW\�DQG�WKH
XVH�RI�EODQNHW�ZDVKHV�ZLWK�ORZ�92&�FRQWHQW�

7ZR�FKHPLFDOV�FRQWDLQHG�LQ�WKH�EODQNHW�ZDVK�IRUPXODWLRQV�PD\�SUHVHQW�ULVNV�WR�DTXDWLF
RUJDQLVPV���7KH�WZR�FKHPLFDOV�ZHUH�DON\O�EHQ]HQH�VXOIRQDWHV��SUHVHQW�LQ�)RUPXODWLRQV������������
��������DQG�����DQG�HWKR[\ODWHG�QRQ\OSKHQROV��SUHVHQW�LQ�)RUPXODWLRQV������������������������DQG
�����5LVNV�WR�SODQWV��RWKHU�WKDQ�DTXDWLF�DOJDH��DQG�ZLOGOLIH�ZHUH�QRW�H[DPLQHG�

3HUIRUPDQFH�'HPRQVWUDWLRQV

,Q�RUGHU�WR�EH�D�YLDEOH�VXEVWLWXWH�IRU�H[LVWLQJ�EODQNHW�ZDVK�IRUPXODWLRQV��WKH�DOWHUQDWLYH
IRUPXODWLRQV�PXVW�HIIHFWLYHO\�FOHDQ�WKH�SUHVV�EODQNHWV���7R�GHWHUPLQH�KRZ�HIIHFWLYH�WKH����EODQNHW
ZDVKHV�ZHUH�FRPSDUHG�WR�WKH�EDVHOLQH�ZDVK��WKH�3URMHFW�SDUWQHUV�GHFLGHG�WKDW�ERWK�ODERUDWRU\
WHVWLQJ�DQG�ILHOG�GHPRQVWUDWLRQ�ZHUH�QHFHVVDU\���7KH�ODERUDWRU\�WHVWV��FRQGXFWHG�E\�WKH�*UDSKLF
$UWV�7HFKQLFDO�)RXQGDWLRQ��IRFXVHG�RQ�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�EODQNHW�ZDVK�IRUPXODWLRQV
VXFK�DV�IODVK�SRLQW��92&�FRQWHQW��DQG�S+��DV�GLVWLQFW�IURP�WKH�LQGLYLGXDO�FKHPLFDOV�FRPSRQHQWV
RI�WKH�PL[WXUHV�GLVFXVVHG�LQ�&KDSWHUV���DQG������$OVR�WR�HQVXUH�WKDW�SUHVVHV�DW�WKH�YROXQWHHU
IDFLOLWLHV�ZRXOG�QRW�EH�GDPDJHG��EODQNHW�VZHOO�SRWHQWLDO�DQG�ZLSDELOLW\�WHVWV�ZHUH�DOVR�FRQGXFWHG�
$Q\�ZDVK�ZKHUH� WKH�EODQNHW� VZHOO� H[FHHGHG���SHUFHQW�RU�ZKHUH�PRUH� WKDQ�����VWURNHV�ZHUH
UHTXLUHG�WR�FOHDQ�WKH�WHVW�EODQNHW�ZHUH�HOLPLQDWHG�IRU�FRQVLGHUDWLRQ�IRU�ILHOG�WHVWLQJ���%DVHG�RQ�WKH
UHVXOWV�RI�WKH�ODERUDWRU\�WHVWLQJ�����IRUPXODWLRQV�ZHQW�RQ�WR�EH�GHPRQVWUDWHG�E\�YROXQWHHU�SULQWLQJ
VKRSV���

,Q�WKH�ODERUDWRU\�WHVWV��WKH�IODVK�SRLQWV�RI�WKH�EODQNHW�ZDVKHV�UDQJHG�IURP���()�WR�JUHDWHU
WKDQ����()��WKH�92&�FRQWHQW�UDQJHG�IURP������OEV�JDOORQ�WR�����OEV�JDOORQ������WR�����92&�
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UHVSHFWLYHO\���DQG�WKH�S+�UDQJHG�IURP�����WR�������7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�WKH�WKUHH
SURSHUWLHV�LQ�WKH�IRUPXODWLRQV���%ODQNHW�VZHOO�ZDV�PHDVXUHG�DW���DQG���KRXUV�ZLWK����IRUPXODWLRQV
KDYLQJ�JUHDWHU�WKDQ���SHUFHQW�VZHOOLQJ�DW���KRXUV���:LSDELOLW\�ZDV�WHVWHG�XVLQJ�ERWK�ZHW�LQN�DQG
GU\�LQN�ILOPV���7ZR�IRUPXODWLRQV�UHTXLUHG�PRUH�WKDQ�����VWURNHV�WR�FOHDQ�GU\�LQN�

)LHOG�GHPRQVWUDWLRQV�ZHUH�FRQGXFWHG�DW����SULQWLQJ�IDFLOLWLHV�LQ�WKH�%RVWRQ��%DOWLPRUH��DQG
:DVKLQJWRQ��'&�DUHDV���(DFK�IRUPXODWLRQ�ZDV�XVHG�E\�SUHVVPHQ�LQ�WZR�IDFLOLWLHV�IRU���ZHHN���'I(
�REVHUYHUV��SURYLGHG�EDFNJURXQG�LQIRUPDWLRQ�WR�WKH�SULQWHUV�DQG�FROOHFWHG�LQIRUPDWLRQ�GXULQJ�WKH
ILUVW�GD\
V�XVH�RI�WKH�EODQNHW�ZDVK���7KH�WUDGH�QDPHV�ZHUH�UHPRYHG�DQG�HDFK�IRUPXODWLRQ�ZDV
DVVLJQHG�D�QXPEHU���1HLWKHU�WKH�SUHVVPDQ�QRU�WKH�REVHUYHU�NQHZ�WKH�FRPSDQ\�VXSSO\LQJ�WKH
IRUPXODWLRQ�RU�LWV�FRPSRQHQWV���(DFK�SUHVVPDQ�XVHG�WKH�EDVHOLQH�ZDVK��90	3�QDSKWKD��IRU����
FOHDQLQJV�DQG� WKHQ�EHJDQ�XVH�RI� WKH� VXEVWLWXWH� IRU� WKH� UHPDLQGHU� RI� WKH�ZHHN�� �7KH�SULQWHUV
UHFRUGHG� DPRXQW� RI� HIIRUW� DQG� D� TXDOLWDWLYH� DVVHVVPHQW� RI� SHUIRUPDQFH� DV� FRPSDUHG� WR� WKH
EDVHOLQH���7KH\�DOVR�FROOHFWHG�YROXPH�XVHG�SHU�ZDVK��LQN�FRYHUDJH��DPRXQW�RI�HIIRUW��WLPH�UHTXLUHG�
DQG�D�TXDOLWDWLYH�DVVHVVPHQW�RI�SHUIRUPDQFH�GXULQJ�WKH�RQH�ZHHN�WULDO���$W�WKH�HQG�RI�WKH�ZHHN�
WKH� REVHUYHU� FRQGXFWHG�D� IROORZ�XS� LQWHUYLHZ�ZLWK� WKH�SULQWHU�� �5HVXOWV� RI� WKHVH�SHUIRUPDQFH
GHPRQVWUDWLRQV�LQ�WKH�ODERUDWRU\�DQG�LQ�WKH�ILHOG�DUH�GHWDLOHG�LQ�&KDSWHU����6HFWLRQ���

7KH� FLUFXPVWDQFHV�XQGHU�ZKLFK� WKH�EODQNHW�ZDVK� IRUPXODWLRQV�ZHUH� GHPRQVWUDWHG� DW
SULQWLQJ�IDFLOLWLHV�ZHUH�KLJKO\�YDULDEOH��L�H���RSHUDWLQJ�FRQGLWLRQV��W\SHV�RI�SULQW�MREV��VWDII�DWWLWXGHV
DQG�DSWLWXGH��DSSOLFDWLRQ�PHWKRG��DQG�WKH�VKRUW�WLPH�GXULQJ�ZKLFK�WKH�IRUPXODWLRQV�ZHUH�XVHG
SUHFOXGH�PDNLQJ�JHQHUDOL]DWLRQV�UHJDUGLQJ�WKH�ORQJ�WHUP�SHUIRUPDQFH�RI�WKH�EODQNHW�ZDVKHV���,Q
&KDSWHU����WKH�SHUIRUPDQFH�HYDOXDWLRQV�IRU�HDFK�RI�WKH�EODQNHW�ZDVKHV�DUH�VXPPDUL]HG�ZLWK�DQ
LQGLFDWLRQ�RI�KRZ�WKH�SURGXFW�SHUIRUPHG�DW�HDFK�SULQWLQJ�IDFLOLW\���6RPH�SULQWHUV�XVHG�D�SDUWLFXODU
VXEVWLWXWH�EODQNHW�ZDVK�RQ�RQO\�IRXU�EODQNHWV�EHIRUH�LQGLFDWLQJ�WKDW�WKH�SURGXFW�JDYH�XQDFFHSWDEOH
UHVXOWV���+RZHYHU��VRPH�SULQW�VKRSV�FOHDQHG�PRUH�WKDQ����EODQNHWV��RQH�VKRS�WHVWHG����EODQNHWV��
,Q�VHYHUDO�FDVHV��WKHUH�ZDV�FRQVLGHUDEOH�YDULDWLRQ�EHWZHHQ�WKH�UHVXOWV�REWDLQHG�IRU�WKH�WZR�IDFLOLWLHV
WHVWLQJ�D�VLQJOH�IRUPXODWLRQ���)RU�H[DPSOH��%ODQNHW�:DVK���JDYH�JRRG�UHVXOWV��FRPSDUHG�ZLWK�WKH
EDVHOLQH� ZDVK� DW� RQH� IDFLOLW\� ZKLFK� XVHG� LW� RQ� WHQ� EODQNHWV� DQG� IRXQG� WKDW� LW� JDYH� JRRG
SHUIRUPDQFH�ZLWK�OLJKW�RU�PHGLXP�LQN�FRYHUDJH��ZKHUHDV�WKH�VHFRQG�IDFLOLW\�ZKLFK�WHVWHG�LW�RQ�IRXU
EODQNHWV� WKRXJKW� WKDW� LW� JDYH� SRRU� SHUIRUPDQFH� FRPSDUHG� ZLWK� WKH� EDVHOLQH� ZDVK� ZLWKRXW
LQGLFDWLQJ�WKH�OHYHO�RI�LQN�FRYHUDJH�

2I�WKH�EODQNHW�ZDVKHV�GHPRQVWUDWHG��QLQH�ZHUH�IRXQG�WR�JLYH�JRRG�RU�IDLU�SHUIRUPDQFH�DW
ERWK�IDFLOLWLHV�ZLWK�OLJKW�WR�PRGHUDWH�LQN�FRYHU�ZKHQ�FRPSDUHG�ZLWK�WKH�EDVHOLQH�ZDVK��DOWKRXJK
SRRU�UHVXOWV�ZHUH�IUHTXHQWO\�VHHQ�ZLWK�KHDY\�LQN�FRYHU���)LYH�RI�WKH�IRUPXODWLRQV�JDYH�SRRU�UHVXOWV
DW�ERWK�WHVWLQJ�IDFLOLWLHV�UHJDUGOHVV�RI�WKH�LQN�FRYHU�DQG�HLJKW�ZHUH�IRXQG�WR�JLYH�JRRG�RU�IDLU�UHVXOWV
DW�RQH�IDFLOLW\�DQG�SRRU�UHVXOWV�DW�WKH�VHFRQG�IDFLOLW\���3HUIRUPDQFH�ZDV�QRW�FRUUHODWHG�ZLWK�92&
FRQWHQW�� KRZHYHU� WKH�EDVHOLQH�ZDVK�ZKLFK�KDV� D� YHU\�KLJK�92&� FRQWHQW� JHQHUDOO\� JDYH� JRRG
UHVXOWV���$Q�LQ�GHSWK�GHVFULSWLRQ�RI�WKH�SHUIRUPDQFH�RI�HDFK�EODQNHW�ZDVK�DW�HDFK�WHVW�IDFLOLW\�LV
GHVFULEHG�DQG�FRPSDUHG�ZLWK�WKH�EDVHOLQH�ZDVK��90	3�QDSKWKD��LQ�&KDSWHU����6HFWLRQ���

&RVW�$QDO\VHV

'DWD�FROOHFWHG�GXULQJ�WKH�SHUIRUPDQFH�GHPRQVWUDWLRQV�DQG�IURP�WKH�VXSSOLHUV�ZHUH�XVHG
WR� HVWLPDWH� WKH� UHODWLYH� FRVWV� RI� XVLQJ� WKH� EODQNHW� ZDVK� VXEVWLWXWHV� DQG� WKH� EDVHOLQH� LQ� D
OLWKRJUDSKLF�SULQWLQJ�IDFLOLW\���'DWD�ZDV�FROOHFWHG�RQ�ERWK�WKH�EDVHOLQH�ZDVK�DQG�WKH�VXEVWLWXWH
ZDVKHV�LQ�WHUPV�RI�YROXPH�RI�ZDVK�XVHG�DQG�WKH�WLPH�UHTXLUHG�IRU�FOHDQLQJ�WKH�EODQNHW���6HYHUDO
DVVXPSWLRQV��VLPLODU� WR� WKH�HVWLPDWHV� LQ�&KDSWHU����KDG� WR�EH�PDGH� LQ�RUGHU� WR�GHYHORS�FRVW
LQIRUPDWLRQ���7KHVH�DVVXPSWLRQV�LQFOXGHG�

����WKHUH�ZHUH�IRXU�EODQNHWV�SHU�SUHVV�
����HDFK�EODQNHW�ZDV�ZDVKHG�WHQ�WLPHV�SHU�VKLIW�
����WKHUH�ZHUH�ILYH���KRXUV�VKLIWV�SHU�ZHHN�IRU����ZHHNV�SHU�\HDU�
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%DVHG�RQ�WKHVH�DVVXPSWLRQV��LW�ZDV�SRVVLEOH�WR�HVWLPDWH�WKH�WRWDO�FRVW�ZDVK��WRWDO�FRVW�SUHVV��DQG
WRWDO�FRVW�SUHVV�VKLIW�\HDU�IRU�HDFK�IRUPXODWLRQ�

7KH�FRVW�FDOFXODWLRQV�ZHUH�FRPSULVHG�RI�VHYHUDO�IDFWRUV�

����ODERU�FRVWV��L�H���WLPH�VSHQW�WR�FOHDQ�EODQNHWV��DV�D�IXQFWLRQ�RI�DYHUDJH�ZDJH�UDWH�
����FRVW�RI�WKH�DPRXQW�RI�ZDVK�XVHG�SHU�EODQNHW��DQG
����FRVW�RI�WKH�OHDVHG�FORWK�ZLSHV��FRVW�RI�GLVSRVDEOH�ZLSHV�ZHUH�QRW�LQFOXGHG��

6XSSOLHUV�SURYLGHG�LQIRUPDWLRQ�RQ�WKH�SXUFKDVH�FRVW�SHU�JDOORQ�RI�WKH�EDVHOLQH�DQG�VXEVWLWXWH
EODQNHW�ZDVKHV�LI�SXUFKDVHG�LQ�D����JDOORQ�TXDQWLW\���7KHVH�FRVWV�UDQJHG�IRU�������JDOORQ�IRU
)RUPXODWLRQ� ��� WR� �������JDOORQ� IRU� )RUPXODWLRQ� ��� �WKH� EDVHOLQH� IRUPXODWLRQ� FRVW� ZDV
������JDOORQ��

:KHQ�WKH�FRVW�RI�XVLQJ�WKH�VXEVWLWXWH�EODQNHW�ZDVKHV�ZDV�FRPSDUHG�ZLWK�WKH�FRVW�RI�WKH
EDVHOLQH�ZDVK��PRVW�RI�WKH�VXEVWLWXWH�EODQNHW�ZDVKHV�UHVXOWHG�LQ�LQFUHDVHG�FRVWV�WR�DW�OHDVW�RQH
RI�WKH�WZR�SULQWLQJ�IDFLOLWLHV���7KH�LQFUHDVHG�FRVWV�UDQJHG�IURP�UHODWLYHO\�LQVXEVWDQWLDO������WR�PRUH
WKDQ�WZLFH�WKH�FRVW�RI�WKH�EDVHOLQH��PD[LPXP�LQFUHDVH���������2QO\�ILYH�EODQNHW�ZDVKHV�UHVXOWHG
LQ�ORZHU�FRVWV�DW�RQH�IDFLOLW\��DQG�RI�WKHVH��RQO\�RQH��)RUPXODWLRQ�����VKRZHG�ORZHU�FRVWV�DW�ERWK
GHPRQVWUDWLRQ�IDFLOLWLHV���7KHVH�FRVWV��KRZHYHU��PXVW�EH�XVHG�ZLWK�FDXWLRQ�DV�LQ�PDQ\�FDVHV�WKH
QXPEHU�RI�GHPRQVWUDWLRQV�RQ�ZKLFK�WKH�FRVWV�ZHUH�EDVHG�ZHUH�H[WUHPHO\�OLPLWHG���,Q�DGGLWLRQ�
FRQGLWLRQV�YDU\�DW�HDFK�IDFLOLW\��ZKDW�ZRUNV�LQ�RQH�PD\�QRW�ZRUN�LQ�DQRWKHU�

7KH�GULYLQJ�IDFWRU�IRU�WKH�FRVW�HVWLPDWHV�ZDV�WKH�WLPH�QHHGHG�WR�FOHDQ�WKH�EODQNHW���1R
FRQVLGHUHG�LQ�WKLV�DQDO\VLV�LV�WKDW�WKH�WLPH�UHTXLUHG�WR�FOHDQ�WKH�EODQNHW�SRWHQWLDOO\�PD\�GHFUHDVH
DV�WKH�SUHVV�RSHUDWRUV�EHFRPH�PRUH�IDPLOLDU�ZLWK�XVLQJ�DQ�DOWHUQDWLYH�SURGXFW�

IV.  OTHER ISSUES

0DQ\� IDFWRUV� LQIOXHQFH� D� SULQWHU
V� GHFLVLRQ� WR� XVH� D� SDUWLFXODU� EODQNHW� ZDVK�� � 7KHVH
FRQVLGHUDWLRQV� LQFOXGH�SHUIRUPDQFH�� FRVW��DQG� ULVN��EXW�RWKHU� IDFWRUV�PD\�DOVR�SOD\�D� UROH� LQ
LQGLYLGXDO�VLWXDWLRQV���6RPH�RI�WKHVH�RWKHU�IDFWRUV��VXFK�DV�UHVRXUFH�DQG�HQHUJ\�FRQVHUYDWLRQ��ZHUH
H[DPLQHG�LQ�WKH�&76$���,Q�&KDSWHU����VLWXDWLRQV�ZKHUH�RSSRUWXQLWLHV�IRU�UHGXFLQJ�HQHUJ\�DQG
UHVRXUFHV�FRQVXPSWLRQ�LQ�WKH�PDQXIDFWXULQJ��XVH�DQG�GLVSRVDO�RI�EODQNHW�ZDVKHV�DUH�GLVFXVVHG
LQ�WHUPV�RI�SURGXFW�OLIH�F\FOH���)RU�VRPH�IDFWRUV��VXFK�DV�ZKHWKHU�WKH�XVH�RI�UHXVDEOH�RU�GLVSRVDEOH
ZLSHV�LV�PRUH�OLNHO\�WR�FRQVHUYH�UHVRXUFHV��GHILQLWH�DQVZHUV�FDQQRW�EH�JLYHQ���)RU�RWKHU�DVSHFWV�RI
WKH� EODQNHW� ZDVKHV�� VXFK� DV� FKHPLFDO� FRPSRVLWLRQ� �SHWUROHXP� YHUVXV� YHJHWDEOH�GHULYHG�� DQG
SDFNDJLQJ��GLOXWHG�YHUVXV�FRQFHQWUDWHG�IRUPXODWLRQ���LW�LV�PRUH�FOHDU�KRZ�UHVRXUFH�FRQVHUYDWLRQ
FDQ�EH�DFKLHYHG���0DQ\�SULQWHUV�DUH�FRQFHUQHG�ZLWK�ZDVWH�GLVSRVDO��DQG�UHF\FOLQJ�DSSHDUV�WR�EH
D�YLDEOH�VROXWLRQ�WR�UHGXFLQJ�ZDVWH��LQ�VRPH�FLUFXPVWDQFHV�

,Q�D�UHFHQW�VXUYH\��RYHU����SHUFHQW�RI�UHVSRQGLQJ�SULQWHUV�LQGLFDWHG�WKDW�WKH\�KDG�WULHG�RQH
RU�PRUH�VXEVWLWXWH�EODQNHW�ZDVKHV�DQG�DOPRVW�KDOI�RI�WKHP�KDG�DOWHUHG�WKHLU�ZRUNSODFH�SUDFWLFHV
WR�SUHYHQW�SROOXWLRQ���6RPH�RI�WKH�WHFKQLTXHV�WKDW�WKHVH�SULQWHUV�IRXQG�XVHIXO�DUH�GHVFULEHG�LQ
&KDSWHU�����0DQ\�RI�WKHVH�SUDFWLFHV�KDG�WKH�DGGHG�EHQHILW�RI�VDYLQJ�WLPH��UHGXFLQJ�FRVWV��RU�ERWK�
$PRQJ�WKH�ZRUNSODFH�SUDFWLFHV�DQG�SRWHQWLDO�EHQHILWV�GHVFULEHG�LQ�&KDSWHU���DUH�UDLVLQJ�HPSOR\HH
DZDUHQHVV�RI�WKH�QHHG�IRU�DQG�XVH�RI�SURWHFWLYH�HTXLSPHQW�DQG�SROOXWLRQ�SUHYHQWLRQ�SUDFWLFHV�
EHWWHU�PDQDJHPHQW�RI�PDWHULDOV��H�J���UHGXFLQJ�DPRXQW�RI�EODQNHW�ZDVK�XVHG���LPSURYLQJ�SURFHVVHV
�H�J���PLQLPL]LQJ�WKH�DPRXQW�RI�LQN�XVHG�RU�WKH�OHQJWK�RI�D�UXQ���DQG�PDQDJHPHQW�RI�ZDVWH��H�J��
VWRULQJ�UDJV�DSSURSULDWHO\��

7HFKQLTXHV�IRU�UHF\FOLQJ�XVHG�VROYHQW�DUH�WKH�IRFXV�RI�6HFWLRQ�������([WUDFWLRQ�PHWKRGV
FRQVLVWLQJ�RI�KDQG�RSHUDWHG�ZULQJHUV�RU�H[SORVLRQ�SURRI�FHQWULIXJHV�FDQ�EH�XVHG�WR�UHFRYHU�WKH
VROYHQW�IURP�ZLSHV�XVHG�GXULQJ�EODQNHW�ZDVKLQJ���2QFH�WKH�VROYHQW�LV�H[WUDFWHG��LW�PD\�EH�UHXVHG
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IRU� OHVV�H[DFWLQJ�FOHDQLQJ�QHHGV�� � ,I�D�EHWWHU�TXDOLW\�VROYHQW� LV�GHVLUHG��WKHQ�WKH�GLVWLOODWLRQ�RU
XOWUDILOWUDWLRQ�WHFKQLTXHV�GHVFULEHG�KHUH�PD\�EH�XVHG�WR�\LHOG�QHDU�YLUJLQ�TXDOLW\�VROYHQW�

&KDSWHU���SURYLGHV�VXPPDULHV�RI�WKH�LQIRUPDWLRQ�GHYHORSHG�LQ�WKLV�&76$��H[DPLQHV�WKDW
LQIRUPDWLRQ� LQ� D� TXDOLWDWLYH� EHQHILW�FRVW� GLVFXVVLRQ�� DQG� SUHVHQWV� WKH� LQIRUPDWLRQ� RQ� D
IRUPXODWLRQ�E\�IRUPXODWLRQ�EDVLV�

V.  CONCLUSIONS

:KHQ�WKH�'I(�/LWKRJUDSK\�3URMHFW�ZDV�LQLWLDWHG��LW�ZDV�KRSHG�WKDW�WKH�3URMHFW�SDUWQHUV
ZRXOG�EH�DEOH�WR�SURYLGH�JXLGDQFH�WR�OLWKRJUDSKHUV��SDUWLFXODUO\�VPDOO�SULQWLQJ�IDFLOLWLHV��RQ�WKH
WUDGH�RIIV�DPRQJ�ULVN��SHUIRUPDQFH��FRVW��DQG�RWKHU�IDFWRUV�DVVRFLDWHG�ZLWK�EODQNHW�ZDVKHV��7KH
3URMHFW�SDUWQHUV�UHDOL]HG�WKDW�HDFK�SULQW�VKRS�LV�GLIIHUHQW�DQG�WKDW�MXGJPHQWV�RQ�ZKHWKHU�RQH
EODQNHW�ZDVK�LV�EHWWHU�WKDQ�DQRWKHU�QHHG�WR�EH�PDGH�E\�LQGLYLGXDO�SULQWHUV��WKHUHIRUH��QR�UDQNLQJV
RI� WKH�EODQNHW�ZDVK� IRUPXODWLRQV�ZHUH�PDGH�� � ,QVWHDG�� WKH�&76$� LV�D� UHSRVLWRU\�RI� DOO� RI� WKH
WHFKQLFDO� LQIRUPDWLRQ�RQ�WKH�EODQNHW�ZDVKHV�GHYHORSHG�E\� WKH�3URMHFW�� � ,W� IRUPV�WKH�EDVLV� IRU
RXWUHDFK�SURGXFWV�GHVLJQHG�WR�FRQYH\�WKHVH�UHVXOWV�WR�OLWKRJUDSKLF�SULQWHUV�LQ�VLPSOH��HDV\�WR�XVH
IRUPDWV���7KH�&76$�ZLOO��WKHUHIRUH��EH�D�UHVRXUFH�IRU�WKRVH�VHHNLQJ�LQ�GHSWK�LQIRUPDWLRQ�RQ�EODQNHW
ZDVKHV�DQG�WKHLU�FKHPLFDO�FRPSRQHQWV��DV�ZHOO�DV�RQ�RWKHU�LVVXHV�VXUURXQGLQJ�WKH�XVH�RI�PDQXDO
EODQNHW�ZDVKHV�IRU�OLWKRJUDSKLF�SULQWHUV�
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